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(57) Abstract 

A modified glucose dehydrogenase characterized in that, in water soluble glucose dehydrogenase accompanied by pyrrolo-quinoline 
quinone as a coenzyme, one or more amino acid residues in a specific region has been substituted by other amino acid residue(s). This 
modified PQQGDH has an improved affinity for glucose. 



(57)g& 



AE 




DM 




AG 




D2 


7/i^i y 7 


A L 




EE 


X* h-7 


AM 


7A->-7 


ES 




AT 


M 7 


F I 


7 4 y*5 > K 


AU 


h^yr 


FR 




A2 




GA 




BA 




GB 


nm ^ 


BB 


✓</W< 


GD 




BE 




GE 




BF 




GH 


ii—f 


BG 


TVt'tf y 7 


GM 




B J 




GN 




BR 




CR 




BY 


A — -y 


GW 




CA 




HR 




CF 




HU 


/>>-^y- 


CG 




1 D 


^K-*'>7 


CH 




I E 




C I 




I L 




CM 




1 N 




CN 


fffl 


I S 


7-r*5> k 


CR 


= • y * 


I T 


-r^yr 


cu 




J P 


B* 


CY 




KE 


*-7 


CZ 




KG 




DE 




KP 




DK 


7^ — 9 


KR 


ttCS 



KZ 




RU 


p ->7 


LC 


h/U>7 


SD 




L I 


y tr>-/a^y 


SE 




LK 


*y • 7^*7 


SG 




LR 


y^y 7 


S I 




LS 


h 


SK 


^o>y T ^7 


LT 


y h7=7 


S L 




LU 




SN 




LV 




SZ 




MA 




TD 


+ + - K 


MC 




TG 




MD 




T J 




MG 




TM 




MK 


-r>r K=7IBa-=/*5 7-<7 


TR 








TT 


h K • h'<^ 


ML 


^y 


TZ 


9^-7 


MN 




UA 


?*7>f T* 


MR 




UG 




MW 




US 


*S 


MX 




UZ 




MZ 




VN 




NE 




YU 


3-=r-^7'r^7 


NL 




Z A 


177 y **fcsi 


NO 




zw 




NZ 


. 7 > K 






PL 


jK— 9 > K 






PT 








RO 









WO (10/66744 



PCT/JP00/02872 



5 ftffiftm 

*mmv dd^; u y*j >*&mmttz>tf)in-7>%i7kmmm (pqq 

mtz>o y;i/n-x«Wu-x^->^— fe* (GOD) $>^\tif)Vn 

-*6*)>m.w.7kmmm (g6pdh) ^m^mmmz^^^m^rix^rco 

L/^U> G O D V> 3#&T«^;io -xm*t£j£lc £ t>fc (^£T 
20 ttPQQGDH£fi{Hrr*££*BW£T*. 

*tb^A«. z\n*Lx-<D>f)vn-7Mm%K%mzm^ t>nx%rcnm\zfrt> 
25 pQQGDHii trno^y y >&ffim%t-tz> *f)V3-*M7kmm% 

PQQGDHKte, Bt»^ttll*t7K»tt»**«*<&^t3&«*P6nTV»*. 91 
ig'&ttPQQGDHte, $H«fo8 7 k D a 0'»^;K^ KifiST* 0 , 
a*<D^7AI8tf4KK&^Tj£< jl^££ftTV*S. 0¥*.fcf, AM. C 1 e t 
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on-Jansen et a 1. , J. Bacteriol. (199 
0) 1 7 2, 6 3 0 8 -6 3 1 5£#l!B£nfcV>. TK&ttPQQGD 
Hte Acinetobacter calcoaceticus (D^K-DfrVftilz&^T^QW&tftii 
Ig^ttT&O (Biosci. Biotech. Bioc hem. (1 9 9 5) , 
5 5 9 (8), 1 5 4 8- 1 5 5 5) , ^MfiWn-->^n75 7 
&E?Ua*WSa*fc$nTV>£ (Mo 1 . Gen. Genet. (1989), 2 
17:430-43 6). A. calcoaceticus S*tK^14PQQG 
DHIt 5 0 k D a ©^^^-tfeS. m<DP QQUM tlASBH 

Tz&W^OWiX.ffii&tfVMZfrtte-otCo (j.Mol.Biol.. 289, 319- 
333(1999), The crystal structure of the apo form of the 
soulble quinoprotein glucose dehydrogenase from 
Acinetobacter calcoaceticus revelas a novel Internal 

15 conserved sequence repeat; A.Oubrle et al.. The EMBO 
Journal, 18(19) 5187-5194 (1999), Structure and mechanism 
of soluble quinoprotein glucose dehydrogenase, A. Oubrie et 
al., PNAS, 96(21). 11787-11791 (1999). Active-site 
structure of the soluble quinoprotein glucose dehydrogenase 

20 complexed with methylhydrazine: A covalent cof actor- 
inhibitor complex, A. Oubrie et al.) . £tl£> (Dffo'XIZ.ktlllt.* 7K 
2§14PQQGDHte 6 ^©W-W-^fcfltofcSft* 0 ^D^7ieiT$. 

25 t'M-CtS^aP QQGDH$M5gt^ 
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lStt5M^3-XWI#i^gft^. *3&H3<Z>3fc£S!PQQGDH 
5 tt^;U3-^fc»1-SKm^*^l!OPQQGDH©KmfflJ;»9i£<» 
<fc*2 OmMfciTefctK iO^KfJl 0mM*iT^5. 

T, Acinetobacter calcoaceticus S*7K^t4P QQ GDHO^ 2 6 8$ 
Stf^ 2 8 98£*fcra3S4 4 83S»^6*4 6 8 8*K:ffiiiS?-*fiB«K:*5V>T 

PQQ^;i/3-^JItt7K*»*+©^^'57 5yKg|*«i:tt»^*75y»aa£ 

/ & ^ « * tc izm®, nfi*m ©$ m * w t s £ «t * s r . wx.it* 

25 Acinetobacter calcoaceticus W©^ilS*T57K^14P QQ GDH 
fciSHT. Acinetobacter calcoaceticus S&TfcigftP QQGDHOU 2 
6 8 2 8 9»*©<!B*i:75yBtie?"J«(HttO»Vi««dS#«EL. rto 

<h-aSWH^^-^tl ; 5^'a, s£^cte r Acinetobacter calcoaceticus 
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*7K^ttPQQGDH©H2 6 8$£**&2 8 9M©^Cfg^T$J t&fr 
*l<5. it^C^l O#@07a;BHSS« r A cinetobacter 

calcoaceticus * *7k^ttP QQ GDH®^ 2 7 7 J £Wfc> 

5 »*L<tt, *iBJ©^SPQQGDHH SB^iJ#^ 1 T*Sn*75 y tt 
82?ijCD2 7 7#B©^;^5>B6Siai, 2 7 8#B<ZH V D-r 46 2 

#B©7^/t7^>SS, 4 5 2#S07X/^7^>SS, 4 5 5#@©'Jy> 

syB6BB^J©2 7 7#l©W5>SiI)5 5 . 75->, 7Xrt5*>, Uv 5 

15 -fy>W7i^Jl/77^>iStIi$nTli|). 

Xaa8 Thr Ala Gly Xaal Val Gin Xaa2 Xaa3 Xaa4 Gly Ser Val 
Thr Xaa5 Thr Leu Glu Asn Pro Gly 

(^4>> Xaal, Xaa2* Xaa3, Xaa4, Xaa5 &cfctS* Xaa8 \t&M<D?ii&7 5 J 
20 &M~C$>Z>* fetch, Xaal ifi Asn T'& 0 . Xaa2 tfi Lys 0 > Xaa3 # Asp 
X$> 0 , Xaa4 Asp 0 » J&O Xaa5 # Asn Xaa8 Asp T 

&rzw\ommz#\,*T\z, #fSBJ§©&£SPQQGDHte, SB^J : 

Ser Glu Gin Gly Pro Asn Ser Asp Asp Xaa6 Xaa7 Asn Leu lie 
25 Val Lys Gly Gly Asn Tyr Gly Trp 

Kt, X a a 6*5«fctfttX a a 7 teffif ©^$75 7 KSST**^ tzfcL. 
Xa a 6**G 1 uT$5ttXaa7ttI 1 eTItt^] &Stf. 
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10 T. 

121 3 tt, *^BJ(D3S:^ PQQGDH^fflW^-X©T7-fe< 

&^gjiPQQGDH<Z)Jgii 
15 *^Bq#«, 7]<^14PQQGDH^zi-K-r^ae : Pwn-x-r >^^4"^ 

^D-7.^^-r6PQQGDH©S14lCOV^T7^U-r.>^bT, 
2 OmMMcD^l/D-XfC^-r^Mtt^l 0 0mM(Dy;Ur3-7.(C^f ^>Stt 
20 tnm~T?&K). iifi©^3-XI^UiMli0M^J:U;P 

<dg i u^g i y\zw.&znx^z>z.tmm\stc. zt>\zz<D?m*m*<D%) 

25 QGDH£Dt>W3-XKttT£$iM^ 

U WD-7{C^f?>mttft»t7c. ff§2 6 8 81*7^ 2 8 9$Stf)<?HsK 
*C7X 2 7 8#|0I 1 e^Phe\zm^VTz^mmm. 43ctr>'2 7 9#gcD 
Asn£Hi sKg&L£&^6^£m&U ^<^tt£$J£L/c<h Z^. Z. 
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MPQQGDHi:^T*§^ 2 OmUOy^ b-X\Ztt?Z>%&mf£ 
Wl P Q Q G D H J; D i£T L, 7c P Q Q G D H £ 5£ S T £ 9 □ - > £ MJR 1 7c o 
5 £ft6<7)^n-><7)— "3«^Tite^SH^J^ffb7ci:^5, ^4 5 2#@ 
©As n^As p\zm&ZtLT^Z>Ztm\WLtc. 3fcfc, C©glS£ hl/*" 

^T^M^i4^i6]±L7cffin7c^s^^#^n7c. zt>\z. ^4 5 2#e© 

10 ^S^^ft!l©T5y^*^LTfcPI*i«M^Ab7Co fg4 5 5#@ 
01) y>ffi^VD-<y>^ll:> f£4 5 6#@<7)77v/^^>M»5r77; 

f§4 5 7#e<7)T7./^^>^**T7;/1^^>^atC, |g 
4 6 2#g(D7;^^*>^g£7X/^*>&^£(- 84 4 8#@©77;;1 

7*>mnm*77>/^¥>mm\z*n?nmmvrz&&mm*ffimvtz 0 *<d 
15 gHK^TJ;?^ ^?n<D%mmiz&^Tb!f)i?-x\zM-?z>miR 

#f^£>£r £ Ut^ P Q Q 7,I&7.K^S$^£:fcl>Ttex Aclnetobacter 

calcoacetlcus S*#iSttP QQGDH©SI4 4 8 ®S*>Sf&4 6 

20 »3ttWS. *f?£L<«> *%W^1PQQGDHH SE*WI1T*S£ 
n*7 5/»B5?!l©4 6 2 &B<D7Xrt7 4 5 2#gcD777\°^> 
4 5 5#g©U3*>aUfc 4 5 6#a©7X^7^>KSS, 4 5 7#@ 
©7^/^^>B63a»*«kt;»4 4 8#a©7^A9^>K»*tffl^i"*75 

25 SfcBUaftjGUwfe^Ttt. *»«SPQQGDH(1 SH^iJ : 

Xaa8 Thr Ala Gly Xaal Val Gin Xaa2 Xaa3 Xaa4 Gly Ser Val 
Thr Xaa5 Thr Leu Glu Asn Pro Gly 

(j£4^ Xaal, Xaa2, Xaa3, Xaa4, Xaa5 &<fctf Xaa8 \t&M<D3i&7 5 J Wt 
Slt^, 7c7C*U Xaal ifi Asn 0, Xaa2 Lys 0 , Xaa3 ffi Asp 
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0 > Xaa4 ifi Asp D . J&O Xaa5 # Asn Xaa8 Asp T 

*5gW®9J©»*LVi3kSEa!PQQGDHtt, @e?0#^ 1 T3l£n$75 / 
mW%2 6 8 2 8 9SS©««fC*ViT. 1 £fcf«-*l£U:©7^ / 

5 &^g#tW75/&^aT^&£nW5. *56W©«pk:»*UViBfe 
gSiPQQGDHtt:, K^J#^lT*Sn*75yB6E?0©2 7 7#@©W 

10 TlWfeSftWS. 

Ser Glu Gin Gly Pro Asn Ser Asp Asp Xaa6 Xaa7 Asn Leu lie 
Val Lys Gly Gly Asn Tyr Gly Trp 

X a a 6i5imiX a a 7 «ttt©^75 / 7c7cb, 
15 Xaa6^GluT*5tfXaa7iiI lemu] *£tJ. 

%o-&mfe%miiisX)£mrz z\t, &zw$%mmm<D-&m&*'b£\z : ¥ 

&i]2ft7c~ )kfafe*V(M.~$Z>Z\t\Z&X), Aclnetobacter calcoaceticus 
S*CDtK^14PQQGDHc7)2 7 7#B©$ r ;i'*5>K3SS43«fctf 2 7 8#g© 
25 -l*ycK~»8i£, 4 6 2#|077A7^>?li, 4 5 2#g©7XA7^> 
?m 4.5 5'#BO'J^>aa6» 4 5 6#g©7*A7*>KS£* 4 5 7#g 
<Z)77^7^>^S^i^4 4 8tS©7^A7^>M:ffiit§75 
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gfc^MPQQGDH£>§gji;fr% 
Acinetobacter calcoaceticus i*(D^<7)7.k&ttPQQGDH£n- 

*Jg^©afeSEa!PQQGDH&3-Kf ^0*iSttPQQGD 

10 ^^H43(/>T^J^nT*3 0, Sambrook £> ." Molecular Cloning; 

A Laboratory Manual" , W- 2 , 1989. Cold Spring Harbor 
Laboratory Press, New York 

H) Iw#au :nsaa)5i:ii± fcuMHEaws. 

PQQGDH©Wn-X^-T ; SlSfDttH^ViT^^O-> : &X^U-X>y 
"T 3 » 7K^ttPQQGDH K * V >T%3! £ i*£ £ £ ^ U 7 7 X A 

£©7^7711— 2 0mM^3-7#ffiTTfi*tLTPMS-D 
25 CIPSM, PQQGDHOl£tt£B«K:<fcD i PJj£t/T, ^3-X10 0m 

fctt, H©7 / f^7 l J w -t*6itLTPMS-DC I P$:tPA, PQQGDHCO 



8 



WO 110/66744 



PCT/JP0U/02872 



GDH£0teTbfcPQQGDH£58Si1"52D->£jiftU afi^E^Jfctf 

10 GDH&J&f^*K:#l&S1*S &6>nfczkiSttiIi#£, -f:*>3S 

0 ttfi-T *5£BJ P Q Q G D H £ HSUf * . 

#%BJ0PQQGDHfi, PQQ bT, iflVu-ZZBLfclsTiffr 

»* J£tt©W £ tt, p Q Q g d h «k & ^ n -7. (Otibi: 1 1> ft ^ t&tg£ 
P Q Q<Dm*m.ttM.7t&M ©MfiK*SC«k D ^S1"S Jl £#T*£ £. Mfitt 
JltL/Ttt, tfiJ*.^ PMS (7ity>^ hit;U7x-h) -DC I P (2, 
6-yi?nD7i/-M>H7x;-JW , 7x'J-/7MbA'J7A, 7iD 

<£>«SI P Q Q G D HteWn -X fcfcrt Sift DttjW£S!0*if ntt£ 
9*tBfc|SU:LWS. -fftfr^ «PQQGDH©^l/3-7l:^K 
mitt, »±S!PQQGDHO^;p3-^tC^TSKmfflct0^:<itC<ftVi. M 
25 iPQQGDHO+tfc Glu277Lys ©^3-^fc^t5Kmtttt8. 8mM 
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3 & e (Dm ntcm& £ m-t Z> . 

PQQGDH£'>&< <bt> 10<D7yir<K+#&*T"£tro JllWICH *y 
M*» ^B|©MPQQGDHIdO^.T, 7«7-fe-nc^M«^, ;*5^ 

ffi-V # 5 c #?£L< tt*f6 9! c7)3S:^S! P Q Q G D H te* P ft L fc»j»T Jltt $ *l 

20 ztrntTz. nmtLTit. &&nmtz£*m^ z. 

if * b < \$*f£W (D&^m P Q Q G D H Pfb L & JBJBT*S± @ JtfbT 3 
AfflWttt, W^^7;Pxt:H : &ffl^T*^B^(D«^PQQ 
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Wfc&Atl. PQQ*JitfCaCl 2 . *«fctf*5Vx--* — £in*.T--£i&g 
QGDH£B£fcLfc«ffifcffll^ (WA«a^*ai) *5«fctf#J!B«« (#J 

3B©««lt^*m«-r**0*^ffai«¥^l 1- 1 2 4 2 8 5 -if ££#2 0 0 
0-913 7^OW*BI#caH«©rt$^T3lfflfc*0*Wtffl»fc*0a*ns 
15 fe£><hT5. 

\z®.feznzb<Dx\$ui<\ 
20 aMMi 

^7X5KpGB2H ^^-pTrc99A (7 7^Wy7ti) ©7^ 
^^O — ->^^ft{'» Acinetobacter calcoaceticus S&PQQGDH 
&3-h"rS«liiae?-*JfAbfc'b©T»S (01) . :07*7XSF$T> 

9 4t:3»M, 5 0t2m *5<fctf7 2G2#Pil1£3 OlM^^. «&K7 
2*CT1 0#ffl©aM*TfTo£. 
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0. 5 At 1 

1 . o u\ 

4. 0 At 1 

4 . 0 At 1 
10. 0 At 1 

1. 0 At 1 
10. 0 At 1 
10. 0 At 1 

2. 0 At 1 
2. 0 At 1 
2. 0 At 1 
2. 0 (i 1 

5 1. 5 At 1 
10 0. 0 At 1 

£ft7c&P £ 5>—~JV- Ml&Lfc. □ P :r— £giJ©7V- 

hfcWT'UfcU ftU<D7U~-h\Zte>?)l<U-ZMg.l OmMMt/PMS-D 
C I P&JJP*., fiH^O^V-MC&l 0 OmM^I/P-^&cfcOTMS-DC I 
P£flDA, ;5^©PQQGDH<Bf£tt&i£T#iJ£L£. 2*fc®:7>- hTP^. 
0PQQGDHCD«tt^-t"^P->3O^»^e»nfc. 

7SSO >^i"J y>MLT^feu t Wofc. 

»ffJ2 

^»JlT : f#e.nfe#PP^-- ; £:"7-r^P^-1'37-7V-h^t7 v c. on- 

cfc^PMS-DC I P^JO^., «(Dy^-hHtt2 OmM7^ h-Xfc£tfP 

12 



£1 



TaqDNAJj?'J^7-tf (5U//i 1) 
x>^l/-hDNA 
7*7-K^'7-ABF 
UA'-7n7*7<7-ABR 

iM/3-^;p*7*hx^y-;u 

DMSO 
5mMMnC 1 2 
1 OmMdGTP 
2mMd AT P 
1 OmMdCTP 
1 OmMdTTP 
H 2 Q 
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MS-DC I P£iJQ*.. »PQQGDH©gtti£gST^^. 
£®35l:3©*ni-->*ffitK:»ft itfc^iBTiJ ZMtit LtctZZ, 452 

ft^mmm pqqgd um^^mm 

gg^lj#^2 KlTK^tl'S Acinetobacter calcoaceticus fi^PQQGDH 
10 fctfc* fft^oT«S«ftHJ:0 2 7 7#l©^ 

15 rE2 7 7Aj«, 2 7 7#i©^;i/^5>B6**7XA7^>Bg^fi|fe$nTV> 



S2 



E277A 


5'- 




GAG GTT AAT TGC ATC GTC AGA G 


-3' 


E277N 


5'- 


C 


AAT GAG GTT AAT GTT ATC GTC AGA GTT 


TG -3' 


E277K 


5'- 




GAG GTT AAT ATC ATC GTC AGA G 


-3' 


E277D 


5* - 




GAG GTT AAT TTT ATC GTC AGA G 


-3' 


E277H 


5'- 


C 


AAT GAG GTT AAT GTG ATC GTC AGA GTT 


TG -3' 


E277Q 


5'- 




GAG GTT AAT TTG ATC GTC AGA G 


-3' 


E277V 


5'- 


c 


AAT GAG GTT AAT TAC ATC GTC AGA GTT 


TG -3' 


E277G 


5'- 




GAG GTT AAT TCC ATC GTC AGA G 


-3' 


I278F 


5'- 


c 


AAT GAG GTT GAA TTC ATC GTC AGA G 


-3' 


N279H 


5*- 


GAC 


AAT GAG GTG AAT TTC ATC GTC AGA GTT 


-3' 
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^9 9 — 7' 7 7s a FpKFl 8 k (SiBifi (#0 ) C Acinetobacter 
calcoaceticus 4&P QQGDH&3- h"f ^^©-^"a O Kpn I- 
Hind III 0fH-*fi#&#» ^n^X>yi/-h<tbfCo £(7):r>7°l/-h 5 
5 0 f m o 1 «*) SMutan (SftftflQ -Express Km+ 

>y hH#^cD-kl/^X3 V:/?^"?— 5 pmo 1 , 'J >®MLLfc?— tfy h7y 
^7-5 0 pmo 1 (2 0 /z D ©1/1 0*03+^ h©7-->J>^ 

-tiv^->3>^-r-e-«pKF 1 8 k©*^T>r'»wtt5ie 

»a>/^77- U10T4 DNAUtf— & U1©T4 DNA* 

cn&DNA05^?>^iS^fittT*5 E.coli BMH7 1-18 
15 muts fcJBRtelfcU -flfejg£3J&*£tT oT^775 K£Jt«£i*:fc. 

^^^e>iHll/fc^7^5 K£ E.coli MV118 4OTfeiU 

pGB 2±©©£^PQQGDH£3-K1~53t£^©Kpn I-Hind III S^M* 

20 txnmx, Bfe3ES!PQQGDH©ae^*«i*bfc. 

5'-C ATC TTT TTG GAC ATG TCC GGC AGT AT- 3' 

^tT^v^fCg&bTc. WS^Ifi^Xi H p GB 2 ^ffl^T, 0 
25 2^^-r^td e k0tf^fCo Asp448Asn, Asn452Asp, Asn452His, 

Asn452Lys , Asn452Thr * Asn452Ile > Lys455Ile , Asp456Asn » 
Asp457Asn> Asn462Asp 0««*T*«fflP QQGDHOafi^** 
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mmm4 

^SSfcttBHBSIPQQGDHSn-KI"**^*, E. col i mo)5£ 
8^^-WpTrc9 9A (7 Wtt) 0?JP?i'P-->W 
5 MdJfAU mmZnrzZf^ZS. F£ E.coli DH5at*fcJBStSftLfc. H 
n£4 5 0m 1 (DLigiHi (7>fcfvU >50/t g/m 1 , i/P7A7xrn-^ 
3 O^g/inl^W) ^07773^^X3 71:^^^5^1, lm 
M CaCl 2 , 5 0 0 /iMPQQ^tf7 1©L«iILfc. igMt 

10 U *-0f£l. 5B#IK|J&*l/&. SjS^» (5000Xg, 10», 

4*C) Tffiff*0iRL, u0«O. 8 5%NaC l^T2»Ufc. £1 
&l,tzmW*7V> : ?-7V7.-Zm\s* -ii'L^St (lOOOOXg, 15», 
4"C) t^i^(Ol#$l$£t,fc. ±« £jg>£'fr#l3l (l60500 Xg 
Uoooor.p.m.)* 9 0t>, 4*0 U *«ttH^*#fc. dn*a«fi»* 

15 m^tLx&rf(Dmmm\z^xm^rzo 

£ & fc, £5 L/T»fc*«ttlH»* 1 OmM'J >ttitltV% p H 7 . 0 T?-lftS 
tfrbfc. mVTLtzV>7)V& 1 OmM'J>SSiiapH7. OT'flftlfci^ 
t>^7nTh^77^-ffl^7ATSKge 1 CM-TOYOPEA 
RL 6 5 OM ^W^^ASrl OmM'J>H 

20 i«pH7. 0, 7 5 OmI«im 0-0. 2M N a C 1 Z^tS 1 
0mM'J>®WpH7. OSfflK »3tS*SPai$-&fc. »5ml/mi 
nTffofe. GDHJgtt£W"r£iS#£le|JKU 1 OmM MOPS-NaOH 
ffl&WL (pH7. 0) BfeiStfrbfc. £©<fc5fcUT*&*t&W»::^--fc3fe3S 

25 fflt^fc. 

»*J£tt®»!IJ£ 

i?*fg14©$J;£W:> gifiK^T. 1 OmM MOPS-NaOHM (p 
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H7. 0) tC^TPMS (7ity>/ W7i-h) -DC I P (2, 
6-v7DD7x;-M>f ; 7x;-JW DC I P06 0 On mO® 

tvtco zo)tz, i^m\zi umo KDDcip^m7t^n^mMm^i=L 

5 Z-yhtLfz. £7c. DCIP0pH7. OlI^it^t^Mtiil 6. 3m 

tlftlUMPQQ, ImM C a C 1 2 l¥£TT* 1 H#P^±*o4fcL7c. 
£l 8 7 u l-f^#£U 3/il©SttK« (6mMDCIP48tf 1, 60 0 
mMPMS 8/xl, 10mM'J>ii»ipH7. 0 16^1) 

3 i-^-r. 
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^3 





Km 


(mM) 




2 6. 


0 


G2 7 7 A 


1. 


5 


G2 7 7N 


1. 


2 


G2 7 7K 


8. 


9 


G2 7 7D 


7. 


4 


G2 7 7H 


7. 


7 


G2 7 7Q 


4. 


3 


G2 7 7 V 


2. 


5 


G2 7 7G 


0. 


3 


I 2 7 8 F 


7. 


0 


N2 7 9H 


1 5. 


7 


N4 5 2T 


1 2. 


5 


N4 6 2D 


1 2. 


2 


N46 2K 


1 1. 


0 


N4 6 2 Y 


2 0. 


4 



5 2 5mMT"feS. JintttbT, 2 7 7#g©^5 >K»Sfc 

©is*** e> . *56 woaaeai p q q g d h \tif)vn—7> fc*t bt^^ifott^t 

10 

£JfimT*§£nfc»£S»£*<ttf Glu277Lys 3fe£M»£©*S8!l»££iS 
%m^T, nfoWGtWimz^n^ril uMPQQ. ImM CaCl 2 #ftT 
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Tira^±*a<tb7Co ^Ml8 7//lf^MU 3 u 1 (Dm&Um ( 6 
mMDC I P4 8 n 1 , 6 0 OmMPMS 8a 1, 1 0 mM »J >BtlS««t P H 
7. 0 1 6 a 1 ) :fe<fctf&*£0D-W:3— 0 u 1 £JnS.. 

5 Km££tfVma x£#*fc. Glu277Lys 0^3-7l:«t5KmI 

fi&8. 8mMT*0> Vmaxftt3 6 6 8U/mgT»ofc. dn^T$B^ 
$nTViS»^PQQGDH©^;HJ-XlC^i-SKmM«*?J2 5mMT&9, 
Vmaxltti»tlJ:0 2 5 0 0-7 0 0 0 U/mgtW. ^OlS*3^5, 
Glu277Lys Bfe^PQQGDH^W^-^^^T^^fatt^itsHf^^L, 

H^J8 

15 nfc»^s*<t^efe^sPQQGDH(Daiii»»*Sisa**n-6ni wmpq 

q; lmM CaC 1 z ft&Tmmm±*nikLtzo zn*18 7 ti\?^> 
3 u 1 CDSItfS^ ( 6 raM DC IP, 6 0 0mM PMS, 1 OmM 

20 ^iojxim, ^mt?3 o^r B i-r>+i^-hbT, sterns ^mcm* 
^-rsft^fiHiT^ufc. an tes tis £-5^ *»wogteca!#*ttv>-f 
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^4 







7? h-X 






100% 


61% 


61% 


Asp448Asn 


100% 


48% 


36% 


Asn452Asp 


100% 


56% 


50% 


Asn452His 


100% 


39% 


39% 


Asn452Lys 


100% 


55% 


42% 


Asn452Thr 


100% 


42% 


30% 


Asn452Ile 


100% 


36% 


28% 


Lys455Ile 


100% 


49% 


37% 


Asp456Asn 


100% 


59% 


41% 


Asp457Asn 


100% 


43% 


32% 


Asn462Asp 


100% 


52% 


41% 



mmm9 

5 ^JPn— 7©7yt^ 

&^S(PQQGDH£fflV>T^;i'3— XSrTyfc'f Vtz. Giu277Lys afc^H 
»3&fc < fctfAsn452Thr&&SII*&*tt^*U UMPQQ, ImM CaC 

1 OraM C a C 1 2 #«TT#^tt^S'l^ tfc. #£«H«J 5 £12^011 
10 mft&tDMfemzmV* DCIP©6 0 0 nra(Dm«Mtlfc 0 EI 
3\Zm2tlZ>£o\Z. Asn452Thr ^SPQQGDH^ffl^T, 0. 1-20 
mM©ISBT^V3-XO!ll?:ffa ^<h^T#fc. Glu277Lys Bfe3CS 

P Q Q G D H \Z-D t> mB<DB%J) v & tlfc. 

15 ^M^U 1 0 

mm-t >+>•- cD^Mct^M 

5rL-«^ hCD Glu277Lys «M6^& £tf Asn452Thr M^^H^tl^ 
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mM MOPSH*f& (pH7. 0) *T^ST3 OflJBMfflSLfcSL 2 OraM 
U^>^tfl0mM MOPS»»ifc (pH7. 0 ) +T£ifiT 2 0 #|IMttS 
5 l/TWJl/7^fbH^yDy*>^l/fc. OmM MOPSiif 

mm (PH7. 0) (fTM-PlNfM^W^S-frfc. «S»4'CT##Lfc. 

3BPQQGDH£H£ffcLfclMS"fe £fflV>T, 0. lmM-5mM®$SI 

io n±0iaaft 

V>T7 WMMH: >"tJ— ftf^JsSI** tU%<D?if£m<D P QQ G 

15 
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io 3. trophy i)>*;>*mBm£?z>PQQ#)te-zm.7kmmm\z&\,* 

X, Aclnetobacter calcoaceticus **7K^1tP QQGDHCD4 6 2#g 

15 T» Aclnetobacter calcoaceticus fi^Tk^ttP QQGDH©4 5 2#g 

5. ifDn+y >**t»*t"r*PQQ^3-xl!H7K*»*fc*V> 
T, Aclnetobacter calcoaceticus A^TK^ttP QQ GDHO 4 5 5 #g 

20 CO 'J L < \$Wm\Zte%-fZ 7 ^ y BBSSaWT a / &&ST*©& 

6 . tf D P+y U >Sr*t»*tT4 P QQ^Jl/P-^IK7K*»*fcl5V> 
T, Aclnetobacter calcoaceticus fi**JSttP QQGDH04 5 6#g 

CD 7 t. * >mmm t> l, < t£$$£ uta * 7 5 y Kastfffi® 7 5 y &g 

7. tfpp+y y >*y >*tt»*frsPQQ^3-^iK7k*B*tc*vi 

T, Aclnetobacter calcoaceticus S*7K^& P QQGDHCD 4 5 7#g 

©7XA7^>KJ5St>u<ttK«s»cffls-rs75yK«a^fl&©75yfif!S 
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8. tfpp^y u>+y >%ffi&mt'?z>FQQif)v?-xM*.m&m\z&^ 

X. Aclnetobacter calcoaceticus fi^Tki&tt PQQGDH04 4 8#@ 

(D77, n7*r>m$M bv< \$wm\zmm?% 7 = ; wmtmcDj s y mm 

T, Aclnetobacter calcoaceticus 

S^e.^2 8 9^St)b<«^4 4 8SS^^»m4 6 8^SM^*fc«^n^ 

tt^-tzmmz&^x i *7c«^nw±cD75 y ^s^ora /mmmrm 
10 io. ¥uu*yv>*;>*ffimmt?z*®&?)i3-xwi*mMm\z& 

HT, Aclnetobacter calcoaceticus l£*7K^& P QQG DHW 2 7 7 # 

s >&nm hv< \tmmmzmm-r % 7 s y m^s^(D7 5 y m% 
1 1. tfDo^y v>*y>*ffimmt?z*®&y)i?-xn*mmmz& 

15 t^T> Aclnetobacter calcoaceticus **7K^ttPQQGDHW2 7 8# 

i©-rvo<^>^st>b<«^s^s-r^7^y^s^o75ym^ 
1 2. trnm^y u>*y >^^t-r^7K^^;urj-7«aa7K^^^ 

V>T, E^J#-^lt?^^tl-575y®?S5^J©. fg2 6 8SIS^<=>2 8 9geS£7c 
20 teSM 4 8^S^e>^4 6 8^SO^lC*5^T. 1 Zfzte^tl&tOT $ S M 

?$mm<D 7 s y &BiSTg& £ nx ^ £ ^ t £ -t % #)v n 

1 3 . B2?U 

Xaa8 Thr Ala Gly Xaal Val Gin Xaa2 Xaa3 Xaa4 Gly Ser Val 
25 Thr Xaa5 Thr Leu Glu Asn Pro Gly 

(^tJ 3 * Xaal* Xaa2* Xaa3* Xaa4, Xaa5 i5cfctfxaa8 ttfit05ci75 JW. 
Mt^, tcti U Xaal Ifi Asn T & D » Xaa2 tfi Lys 0 . Xaa3 # Asp 
0 , Xaa4 ifi Asp 0 , 3^ Xaa5 Asn Xaa8 H Asp T? 



22 



WO (HI/66744 



PCT/JPOO/02872 



14. SS^iJ : 

Ser Glu Gin Gly Pro Asn Ser Asp Asp Xaa6 Xaa7 Asn Leu lie 
Val Lys Gly Gly Asn Tyr Gly Trp 

Xa a 6*iO!ttXa a 7 ttttlM>^«$7S /BS3£ST*S#, ftfzL, 
5 Xaa 6*«G 1 uT*££#Xa a 7fil 1 eTttfcl>] ££tf, PQQ^a 

1 5. SH^J#^lTr^^n^75y^gS^J0 2 7 7#|©W5>M^' 
10 16. E^J##l"C*^n*7S>'B6BB?U©2 7 8#@<7M VP-f 

1 7 . tt$£ 1-16 OVim^tClB«©Qfe«S^;U3-^JK**»**3- 

15 is. 1 6 tcfBm^jte^f z-sts*? 
1 9 . mxm 1 6 kbe*©*^ *£trj§miE8M*. 

2 o . mxm 1 6 \ztm(DmfcTtf£m&mzm&&£nT^z>, tmm 2 0 

2 1 . 1-16 m*?nfr\zum<D&&M#)te-zi^mBm*'£ts 

20 ^l/3-X77t^+yh. 

2 2 . nam 1-16 o^-rn^tc!B«$(D«^^;i/=]-^^7jc^^^^tr 
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0 2 



Kpn I 

si 



Hind III 



[ K pGB12 ] 



Kpn I Hindlll 



pKF18k 



5.7kb 



* 

Kpn I 



Kpn I 



2^kb 



Hindlll 



1.1kb 



\ _ 



Kpn I Hindlll 
fpKF18k^) 



Z2kb 



Kpn I Hindlll 

CD 



Hindlll 



33kb 



\ 

KpnlT Hindlll . 



(Kpn I, Hindlll 



Kpn it Jn dlll 

\ ♦ 

* Kpn ^T Hindlll 
gmfc PQQGDH-B 



3.3kb 
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03 



3000 



§ 2000 h 
Mr 

IK 
8 

S 1000 - 
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Sequence Listing 

<110> Sode, Koji 
<120> Glucose Dehydrogenase 
5 <130> YCT493 

<150> JP 11-124285 
<151> 1999-4-30 
<150> JP 2000-9137 
<151> 2000-1-18 
10 <160> 15 
<210> 1 
<211> 454 
<212> PRT 

<213> Acinetobacter calcoaceticus 
15 <400> 1 

Asp Val Pro Leu Thr Pro Ser Gin Phe Ala Lys Ala Lys Ser Glu Asn 

15 10 15 

Phe Asp Lys Lys Val He Leu Ser Asn Leu Asn Lys Pro His Ala Leu 
20 25 30 

20 Leu Trp Gly Pro Asp Asn Gin He Trp Leu Thr Glu Arg Ala Thr Gly 
35 40 45 

Lys He Leu Arg Val Asn Pro Glu Ser Gly Ser Val Lys Thr Val Phe 

50 55 60 

Gin Val Pro Glu He Val Asn Asp Ala Asp Gly Gin Asn Gly Leu Leu 
25 65 70 75 80 

Gly Phe Ala Phe His Pro Asp Phe Lys Asn Asn Pro Tyr He Tyr He 

85 90 95 

Ser Gly Thr Phe Lys Asn Pro Lys Ser Thr Asp Lys Glu Leu Pro Asn 
100 105 HO 
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Gin Thr He He Arg Arg Tyr Thr Tyr Asn Lys Ser Thr Asp Thr Leu 

115 120 125 

Glu Lys Pro Val Asp Leu Leu Ala Gly Leu Pro Ser Ser Lys Asp His 
130 135 140 

5 Gin Ser Gly Arg Leu Val He Gly Pro Asp Gin Lys He Tyr Tyr Thr 
145 150 155 160 

lie Gly Asp Gin Gly Arg Asn Gin Leu Ala Tyr Leu Phe Leu Pro Asn 

165 170 175 

Gin Ala Gin His Thr Pro Thr Gin Gin Glu Leu Asn Gly Lys Asp Tyr 
10 180 185 190 

His Thr Tyr Met Gly Lys Val Leu Arg Leu Asn Leu Asp Gly Ser He 

195 200 205 

Pro Lys Asp Asn Pro Ser Phe Asn Gly Val Val Ser His He Tyr Thr 
210 215 220 

15 Leu Gly His Arg Asn Pro Gin Gly Leu Ala Phe Thr Pro Asn Gly Lys 
225 230 235 240 

Leu Leu Gin Ser Glu Gin Gly Pro Asn Ser Asp Asp Glu He Asn Leu 

245 250 255 

He Val Lys Gly Gly Asn Tyr Gly Trp Pro Asn Val Ala Gly Tyr Lys 
20 260 265 270 

Asp Asp Ser Gly Tyr Ala Tyr Ala Asn Tyr Ser Ala Ala Ala Asn Lys 

275 280 285 

Ser He Lys Asp Leu Ala Gin Asn Gly Val Lys Val Ala Ala Gly Val 
290 295 300 

25 Pro Val Thr Lys Glu Ser Glu Trp Thr Gly Lys Asn Phe Val Pro Pro 
305 310 315 320 

Leu Lys Thr Leu Tyr Thr Val Gin Asp Thr Tyr Asn Tyr Asn Asp Pro 

325 330 335 

Thr Cys Gly Glu Met Thr Tyr lie Cys Trp Pro Thr Val Ala Pro Ser 



2/9 



WO ((0/66744 



PCT/JPOO/02872 



340 

Ser Ala Tyr Val 
355 

Asn Thr Leu Leu 
5 370 

Lys Leu Asp Pro 
385 

Phe Lys Ser Asn 

10 Asn Val Leu Tyr 
420 

Asp Gly Ser Val 
435 

Phe Thr Tyr Lys 
15 450 

<210> 2 
<211> 1612 
<212> DNA 

20 <213> Acinetobacter calcoaceticus 
<400> 2 

agctactttt atgcaacaga gcctttcaga aatttagatt ttaatagatt cgttattcat 60 
cataatacaa atcatataga gaactcgtac aaacccttta ttagaggttt aaaaattctc 120 
ggaaaatttt gacaatttat aaggtggaca catgaataaa catttattgg ctaaaattgc 180 
25 tttattaagc gctgtlcagc tagttacact ctcagcattt gctgatgttc ctctaactcc 240 
atctcaattt gctaaagcga aatcagagaa ctttgacaag aaagttattc tatctaatct 300 
aaataagccg catgctttgt tatggggacc agataatcaa atttggttaa ctgagcgagc 360 
aacaggtaag attctaagag ttaatccaga gtcgggtagt gtaaaaacag tttttcaggt 420 
accagagatt gtcaatgatg ctgatgggca gaatggttta ttaggttttg ccttccatcc 480 



345 350 
Tyr Lys Gly Gly Lys Lys Ala He Thr Gly Trp Glu 

360 365 
Val Pro Ser Leu Lys Arg Gly Yal He Phe Arg He 

375 380 
Thr Tyr Ser Thr Thr Tyr Asp Asp Ala Val Pro Met 
390 395 400 

Asn Arg Tyr Arg Asp Val He Ala Ser Pro Asp Gly 
405 410 415 

Val Leu Thr Asp Thr Ala Gly Asn Val Gin Lys Asp 

425 430 
Thr Asn Thr Leu Glu Asn Pro Gly Ser Leu He Lys 
440 445 

Ala Lys 
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tgattttaaa aataatcctt alatctatat ttcaggtaca tttaaaaatc cgaaatctac 540 
agataaagaa ttaccgaacc aaacgattat tcgtcgttat acctataata aatcaacaga 600 
tacgctcgag aagccagtcg atttattagc aggattacct tcatcaaaag accatcagtc 660 
aggtcgtctt gtcattgggc cagatcaaaa gatttattat acgattggtg accaagggcg 720 
5 taaccagctt gcttatttgt tcttgccaaa tcaagcacaa catacgccaa ctcaacaaga 780 
actgaatggt aaagactatc acacctatat gggtaaagta ctacgcttaa atcttgatgg 840 
aagtattcca aaggataatc caagttttaa cggggtggtt agccatattt atacacttgg 900 
acatcgtaat ccgcagggct tagcattcac tccaaatggt aaattattgc agtctgaaca 960 
aggcccaaac tctgacgatg aaattaacct cattgtcaaa ggtggcaatt atggttggcc 1020 

10 gaatgtagca ggttataaag atgatagtgg ctatgctiat gcaaattatt cagcagcagc 1080 
caataagtca attaaggatt tagctcaaaa tggagtaaaa gtagccgcag gggtccctgt 1140 
gacgaaagaa tctgaatgga ctggtaaaaa ctttgtccca ccattaaaaa clttatatac 1200 
cgttcaagat acctacaact ataacgatcc aacttgtgga gagatgacct acatttgctg 1260 
gccaacagtt gcaccgtcat ctgcctatgt ctataagggc ggtaaaaaag caattactgg 1320 

15 ttgggaaaat acattattgg ttccatcttt aaaacgtggt gtcattttcc gtattaagtt 1380 
agatccaact tatagcacta cttatgatga cgctgtaccg atgtttaaga gcaacaaccg 1440 
ttatcgtgat gtgattgcaa gtccagatgg gaatgtctta tatgtattaa ctgaiactgc 1500 
cggaaatgtc caaaaagatg atggctcagt aacaaataca ttagaaaacc caggatctct 1560 
catlaagttc acctataagg ctaagtaata cagtcgcatt aaaaaaccga tc 1612 

20 

<210> 3 
<211> 22 
<212> PRT 

<213> Acinetobacter calcoaceticus 
25 <220> 
<222> 10 

<223> Xaa is any amino acid residue except for Glu 

<220> 

<222> 11 
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<223> Xaa is any amino acid residue except for He 
<400> 3 

Ser Glu Gin Gly Pro Asn Ser Asp Asp Xaa Xaa Asn Leu He Val Lys 
15 10 15 

5 Gly Gly Asn Tyr Gly Trp 
20 

<210> 4 
<211> 22 
10 <212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 4 

15 gaggttaatt gcatcgtcag ag 22 

<210> 5 

<211> 30 

<212> DNA 

20 <213> Artificial Sequence 
<220> 

<223> primer for point mutation 

<400> 5 

caatgaggtt aatgttatcg tcagagtttg 30 

25 

<210> 6 

<211> 22 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> primer for point mutation 

<400> 6 

gaggttaata tcatcgtcag ag 22 

5 

<210> 7 

<211> 22 

<212> DNA 

<213> Artificial Sequence 
10 <220> 

<223> primer for point mutation 

<400> 7 

gaggttaatt ttatcgtcag ag 22 

15 <210> 8 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

20 <223> primer for point mutation 

<400> 8 

caatgaggtt aatgtgatcg tcagagtttg 30 

<210> 9 

25 <211> 22 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
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<400> 9 

gaggttaatt tgatcgtcag ag 22 

<210> 10 
5 <211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
10 <400> 10 

caatgaggtt aattacatcg tcagagtttg 30 

<210> 11 
<211> 22 
15 <212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 11 

20 gaggttaatt ccatcgtcag ag 22 

<210> 12 
<211> 26 
<212> DNA 
25 <213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 12 

caatgaggtt gaattcatcg tcagag 26 
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<210> 13 

<2 1 1 > 30 
<212> DNA 
5 <213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 13 

gacaatgagg tgaatttcat cgtcagagtt 30 

10 





<210> 


14 












<211> 


21 












<212> 


PRT 












<213> 


Acinetobacter calcoaceticus 


15 


<220> 














<222> 


1 












<223> 


Xaa 


is 


any 


amino acid 


residue 




<222> 


5 












<223> 


Xaa 


is 


any 


amino acid 


residue 


20 


<222> 


8 












<223> 


Xaa 


is 


any 


amino acid 


residue 




<222> 


9 












<223> 


Xaa 


is 


any 


amino acid 


residue 




<222> 


10 










25 


<223> 


Xaa 


is 


any 


amino acid 


residue 




<222> 


15 












<223> 


Xaa 


is 


any 


amino acid 


residue 




<400> 


14 











Xaa Thr Ala Gly Xaa Val Gin Xaa Xaa Xaa Gly Ser Val Thr Xaa Thr 
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15 10 15 

Leu Glu Asn Pro Gly 
20 

5 <210> 15 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

10 <223> primer for point mutation 
<400> 15 

catctttttg gacatgtccg gcagtat 17 
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